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Lack of detailed soil data has been a major constraint to hydrological modeling and making of
agronomic decisions in the Kouzpendri Catchment. A soil survey was carried out to characterize and
classify the soils of the 11.8 km“ catchment using Soil and Terrain (SOTER) approach. The soils were
classified using the soil taxonomy (USDA) and the world reference base for soil resources (WRB)
classification systems. The soil map produced at a scale of 1:25000 using FAO/UNESCO legend showed
five distinct soil types. The dominant soil type - Dystric Plinthosols - covered about 55% of the area and
supports few crop productions but make plantation agriculture almost impossible. The soils are slightly
acidic to alkaline, predominantly silty to clayey in texture with good to imperfect drainage, low
permeability and high bulk density that impedes root growth. The poor soil organic carbon content,
total nitrogen, available phosphorus, cation exchange capacity, base saturation and other basic
exchangeable cations with moderately leached horizons indicated low-moderate fertility status of less
weathered soils. The soils belong to three major soil orders: Ultisols, Inceptisols and Alfisols (USDA),
and reference soil groups: Plinthosols, Cambisols, Luvisols and Gleysols (WRB). The WRB gave a
better and detailed soil classification compared to USDA, and thus should be used in subsequent
classification of soils in the region.

Key words: Soil and terrain (SOTER), ultisols, alfisols, inceptisols, plinthosols, cambisols, luvisols, gleysols.

INTRODUCTION

Soil is a basic natural resource with widespread utilization
ranging from agriculture, forestry, and other engineering
and environmental purposes such as hydrological
modeling. The importance of soil data for sound
environmental and natural resource management has

been reported (McKenzie et al., 2000). Besides being a
storage reservoir and source of water supply, soil
protects groundwater supplies by buffering and
transforming pollutants. It is said that many of the current
environmental, social, economic, geologic, and human
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health issues such as heavy metal poison can be better
addressed if soils are considered important and paid due
attention (Howitt et al., 2009; Brevik, 2013; McBratney et
al., 2014 cited in Brevik et al., 2014). Recently, there is
an increasing global demand for soil data and information
for environmental monitoring due to global warming
impact on water resources. An understanding of nature,
properties, dynamics, distributions and functions of the
soil as part of landscapes and ecosystem is paramount
especially to prevent its continuous degradation and
ensure its continuous and sustainable utilization. In land
evaluation, wise decisions on land use and effective
management of soils for improved agronomic productivity
require an understanding of soil distribution patterns
(McBratney et al., 2000). This important data most times
is non-existent and sometimes available at a small scale
too coarse and difficult to use for accurate modeling of
hydrological processes. This is particularly true for most
West African catchments including Koupendri catchment
in north western Benin, where the impact of climate
change is expected to be pronounced. For instance, the
existing data on soil types and supporting maps for the
catchment were those produced by the erstwhile
ORSTOM at the scale of 1:200.000, 1:250.000 and
1:500.000 and date back to the colonial period.

Reliable soil data is a prerequisite for hydrological and
environmental modeling, as well as for the design of
appropriate land-use systems and soil management
practices. This will help to arrest further degradation and
rehabilitate the potentials of degraded soils, as well as for
a better understanding of the environment (FAO, 2006a).
Such reliable soil information is obtained through
examination and description of the soil in the field. Most
soil surveys result in the preparation of a soil map
alongside a soil or scientific report which gives the
inventory of the soils found in the area, their geographic
distribution, physical and chemical characteristics, and
climate and land use together with interpretations
comparing different land use.

Thorough soil description serves as the basis for soil
classification and site evaluation as well as for
interpretations on the genesis and environmental
functions of the soil (FAO, 2006a). Thus, the aim of this
study is to make a detailed soil survey of the Koupendri
catchment aimed at providing basic soil data appropriate
for  hydrological modeling, and for making
recommendations and decisions on the present and
future use of the land for planners, agronomists, and
other engineering uses/purposes.

Objectives of the study

1. To characterize and classify the soils using appropriate
soil classification systems.

2.To develop a detailed soil map of
catchment.

Koupendri
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3. Make recommendations that ensure sustainable
management of soil and water resources.

Description of the study area

The study was conducted on 11.8 km? area of Koupendri
catchment - a part of Volta basin located north-west of
Benin (Figure 1). The geology of north western Benin is
made up of the Precambrian Voltaian (Faure and Volkoff,
1996). The catchment can be characterized as an
undulating pediplain relief overlying a Precambrian
crystalline basement. According to ORSTOM, fersialitic
and ferralitic soils are dominant often with gravelly or
plinthic horizons. The catchment is located on latitude 1°
0555” to 1°1454 N and longitudes 10°4412 to
10°5548 E, and has a relatively flat physiography with a
mean slope of 0.4%, and height above sea level of 220
m. It has a population density of 60 persons/kmz. It has a
unimodal rainfall distribution pattern with distinct wet
(rainy) and dry seasons. The rainy season lasts for about
five months, from May to September while the dry season
lasts for seven months, from October to April. Annual
rainfall varies between 900 and 1200 mm, with a yearly
mean of 920 mm. During the rainy season, temperature
varies between 25 and 30°C, with a relative humidity that
can reach up to 97% in August. Between March and
April, the temperature reaches a maximum of between 42
and 45°C. The relative humidity throughout the season is
between 25 and 55%. The catchment is located within
the Northern (dry) sudanian region according to the
vegetation zone classification of Benin by Wezel and
Bocker (2000). The Sudanian vegetation is dominated by
grassland and trees/shrubs of low density. The major
land use is agriculture which focuses on grain crops such
as maize, sorghum, rice etc., tuber crops such as yam, oil
and cash crops such as cotton, and pastoralism
(livestock production). Only a small amount of land is
suitable for agriculture, livestock, and for dwellings in the
Volta Basin of Benin due to poor nutrient status of the soill
and limited availability of water. Despite these
constraints, agricultural activities are rapidly expanding
due to population growth, migration and accessibility.

As a result, competition exists over these finite
resources resulting to over-exploitation and further
degradation of these resources. The significant
demographic pressure experienced in the region put
more pressure on land resources, and thus hinders
economic development in the region.

FIELD METHODS

Field observations were made using toposequence method with
clinometer during reconnaissance survey of Koupendri catchment.
Transects were positioned at an interval of 250 m both along tracks
or roads across the catchment. With the help of the global
positioning system (GPS), about 200 observations points by auger
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Figure 1. Location of Koupendri catchment in the Dassari catchment in Benin.

drillings at 250 m interval and ten (10) profile pits were done in the
catchment (Figure 2).

The soil mapping of the location was carried out using Soil and
Terrain (Soil and Terrain (SOTER) ) approach (Igué, 2000; Weller,
2002) with the idea that land in which terrain and soil occur
incorporates processes and systems of interrelationships between
physical and biological phenomena evolving through time. Soil
profile description was made based on the guidelines for soil profile
description (FAO, 1990, 2006a). The profiles were sampled for
determination of both physical and chemical properties of the soil.
The results of the soil analysis were used for the classification and
characterization of the soil.

The description, classification and characterization of the soil
were done based on the Guidelines for Soil Description (FAO,
2006a), Field Book for Describing and Sampling Soils
(Schoeneberger et al., 2002), Keys to Soil Taxonomy (USDA Soil
Survey Staff, 2010) and the third edition of the World Reference
Base for Soil Resources (IUSS Working Group WRB, 2014), and
correlated with the FAO/UNESCO legend and French classification
system (CPCS, 1967).

Laboratory analysis/methods

The particle size distribution of the < 2 mm size fraction of soil
samples were determined using the hydrometer method described
by Gee and Or (2002). Bulk density was determined by core
method as described by Blake and Hartge (1986), and Anderson
and Ingram (1993). Organic carbon (C) was determined on the air
dried, 2 mm sieved samples according to the Nelson and Summer
(1982) method. The organic matter content (OM) was obtained by
multiplying values of organic carbon by a factor of 1.724. The pH
value was determined potentiometrically using a pH meter in a soil:
liquid ratio of 1:2.5 suspensions of soil in 0.1N KCI and distilled
water (McLean, 1982).

Saturated hydraulic conductivity (ksat) was measured using the
constant head permeameter method. Darcy’s equation, as outlined
by Young (2001) was used for the computation of Ksat.

Ksat = QL/(AT AH) (1)

Where Q = steady state volume of outflow from the entire soil
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Figure 2. Map of Koupendri catchment showing auger sampling and profile points.

column (cm?), L is the length of soil column (cm), A is the interior
cross-sectional area of the soil column (cm?), AH is the change in
hydraulic head or the head pressure difference causing the flow
(cm), T is the time of flow (sec).

Soil water retention characteristics (field capacity (0.33 bars) and
wilting point (15 bars)) were determined using pressure plate
extractors or apparatus (Van Reeuwijk, 2006), then Available Water
Holding Capacity (AWHC) was computed from FC and PWP.

AWHC = FC — PWP )

Total nitrogen (N) was determined by Kjeldahl method (Bremner,
1996). Available phosphorus (P) was determined using Bray Il
method (Bray and Kurtz, 1945). Cation exchange capacity (CEC)
was determine using the method described by Lavkulich (1981) or
the BaCl, compulsive exchange method by Gillman and Sumpter
(1986). Exchangeable Cations (Na, K, Ca, and Mg) were extracted
using ammonium acetate (NH4OAc). The cations were read on
Flame Photometer (K, Na, and Ca) and Atomic Absorption
Spectrophotometer (AAS) (Mg) respectively. Soil color was
determined using Munsell colour charts (Munsell Colour Company,
2000). Soil depth was determined by measuring the thickness of
each soil horizon using a ruler/tape graduated in centimeters. Total
porosity (%) (assumed particle density ps=2.65 kgm?®), base

saturation (BS), exchangeable sodium percentage (ESP) and CEC
of clay were computed, using their respective equation as follows:

TP = (1 —:—Z}x 100

3

BS = CeatMgtK+Ne + 100
CEC (4)
ESP = Exchangeable Na %100 5
CEC (5)

RESULTS AND DISCUSSION
Soil map of Koupendri catchment

The soil map of Koupendri catchment was produced
using both field observable features and analytical results
based on Soil and Terrain (SOTER) approach. Soil and
Terrain (SOTER) approach was originally designed for
small scale mapping at 1: 1,000,000 considering terrain-
soil attribute relationships.
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Figure 3. Distribution of soils in Koupendri catchment (FAO) at a scale of 1:25000.

However, at larger scales of 1:100,000 and beyond,
only the soil attributes are retained with little or no terrain
attributes. These soil attributes obtained from about 200
auger drilling points spaced at 250 m intervals were
projected on the map of the catchment. Soils with similar
attributes based on field observable features and
analytical results were grouped together and mapped
using expert knowledge. The soil map of this study was
produced at the scale of 1:25,000 showing mainly the soil
attributes using the FAO/Unesco soil map legend. The
soil map showed that Plinthosols are the dominant solil
type in the catchment. Plinthosols which are
characteristic of strongly weathered soils (FAO, 1988)
consist more than 55% of the catchment soils compared
to other soil types; Gleysols, Luvisols and Cambisols
(Figure 3).

Soil description and characteristics of Koupendri
catchment

The soil colour (moist, dry) value and chroma varied with
depth ranging from dark brown 10 YR mostly at the A-

horizon to reddish brown 7 YR and yellow 2 YR at the
sub-surface horizon except at few horizon (AZUKOUP-4
and AZUKOUP-5) with uniform reddish brown 7 YR
throughout the horizons (Table 1). The increase in soil
color from dark brown 10 YR to reddish brown 7 YR
could be attributed to the oxidation of iron oxides
responsible for the reddish colour in subsoil horizons
(Buol et al., 2003) and to a lesser extent, the decrease in
SOC with depth. The poor variability in the soil colour
hue, value and chroma is an indication of the presence of
soil moisture caused by a high water table due to a
shallow aquifer. The presence of mottles in some subsoil
layers confirms that the soils have moderate to poor
drainage conditions.

The soil structure of the surface horizons of the soil
profiles were mostly massive and compact with varying
size of weak peds except at AZUKOUP-3 that has cubic
and platy structure at the surface (Table 1). The
subsurface horizons were massive and compact with few
exception having either platy, prismatic, angular blocky or
blocky structure. The consistence (dry) of both surface
and subsurface horizons ranged from friable through hard
to very hard. The gravel content of the soils increases
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Table 1. Koupendri catchment characteristics and soil description.

Color Structure HB cons. CF BA
Depth (cm) -
Moist Dry (%)
AZUKOUP-1
Apc 0-20 10YR5/3 10YR7/2 MC Dis F 20 High
Btnc 20-30 7.5YRA4/6 7.5YR5/6 MC Dis vh 60 Low
AZUKOUP-2
Ac 0-15 10YR4/2 10YR5/2 MC Dis F 10 Low
Btnc1 15-47 7.5YR5/3 7.5YR5/6 BL/AB Gr F 15 Low
Btnco 47-80 7.5YR8/2 7.5YR8/6 MC Dis F 10 Low
AZUKOUP-3
Agh 0-12 10YR3/2 10YR7/1 Cu/PI Gr Vh - High
Btgn 12-30 7.5YR3/2 7.5YR8/1 Pri/PI Dis Vh/C - Medium
Btgen 30-60 10YR4/3 10YR7/2 M/PI/C Gr Vh 15 Low
Btgcon 60-100 2.5Y7/2 2.5Y6/2 M/PI/C Gr Vh 15 Low
AZUKOUP-4
A 0-12 7.5YR3/2 7.5 YR7/1 M/C Dis Vh - High
ABy 12-35 7.5YR4/2 7.5YR6/2 M/C Dis Vh - Low
Bty 35-58 10YR4/3 10YR8/1 AB/C Dis Vh - Low
Btgc 58-120 2.5Y4/4 2.5Y7/6 BL/C Dis Vh 10 Low
AZUKOUP-5
A 0-20 7.5YR5/3 7.5 YR7/2 M/C Dis F - High
Btng 20-56 10YR5/3 10YR7/6 AB Gr F - Low
BCng 56-100 10YR4/2 7.5YR8/1 AB Gr F - Medium
AZUKOUP-6
Agn 0-20 7.5YR3/2 7.5 YR7/1 M/C Dis F - High
Btng 20-32 7.5YR7/1 7.5YR8/2 M/C Dis S - Low
Btngc 32-55 7.5YR7/1 7.5YR8/1 M/C Gr S 30 Low
AZUKOUP-7
Agec 0-17 7.5YR4/2 7.5 YR7/1 AB Gr F 5 High
Btge1 17-42 7.5YR5/2 7.5YR6/1 AB Gr F 10 Medium
Btge2 42-100 7.5YR5/1 7.5YR6/1 M/C Gr S 15 Low
AZUKOUP-8
Ac 0-12 10YR4/2 10YR5/2 AB Dis F 20 Medium
Btc 12-40 7.5YR4/6 7.5YR58 M/C Dis Vh 50 Low
AZUKOUP-9
Ac 0-20 7.5YR3/2 7.5YR7/1 M/C Dis F 40 High
Bt. 20-52 7.5YR5/6 7.5YR7/8 M/C Dis Vh 60 Low
AZUKOUP-10
Ac 0-15 10YR5/3 10YR7/2 M/C Dis F 45 High
Btc1 15-32 10YR3/3 10YR5/2 AB Dis F 50 Medium
Btco 32-60 2.5YR4/4 2.5YR6/1 AB Dis S 60 Low
A= A-horizon, c=concretions or nodules, B= B-horizon, h=accumulation of organic matter, V= occurrence of plinthite, =~ Vm= Hardened
plinthite (hardpan, iron stone, petroferric or skeletic), g= stagnic conditions, t=illuvial accumulation of silicate clay, n=pedogenetic

accumulation of exchangeable sodium, p = ploughing, HB = horizon boundary, cons. = consistence, CF = coarse fraction, BA = biologic
activity, M/C = massive/compact, BL = blocky, AB = angular blocky, Pl = platy, Gr = gradual, Dis = distinct, F = friable, Vh = very hard, S =
sticky, Cu = cubic, Pri = prismatic.

with depth and ranges from 10 % to more than 60%. throughout the profiles except at AZUKOUP-4 and
AZUKOUP-5 where it is irregular resulting to abrupt
textural change (Table 2). The sand content decreased
with increasing depth throughout the profiles while the silt
The clay content increased with increasing depth content was irregular with increasing depth. The topsoils

Soil textural characteristics



3944 Afr. J. Agric. Res.

Table 2. Soil textural properties of Koupendri soils.

. Fine S Coarse S Total S Silt Cla I
Horizon ID(SE:)h %) %) %) (%) (%)y Gravel TC siltsilt/clay
AZUKOUP-1
Apc 0-20 32.00 20.00 52 40 8 30.79 SL 5.0
Btnc 20-30 22.73 25.43 48 35 17 64.07 L 2.1
AZUKOUP-2
Ac 0-15 27.70 29.30 57 34 9 14.42 SL 3.8
Btnc1 15-47 19.02 17.98 37 36 27 17.25 L 1.3
Btnc2 47-80 19.53 11.87 31 42 27 15.2 L 1.6
AZUKOUP-3
Agh 0-12 14.94 9.36 24 59 17 10.2 SiL 35
Btgn 12-30 12.65 8.15 20 57 23 15.04 SiL 2.5
Btgen 30-60 11.97 10.73 22 47 31 12.61 CL 1.5
Btgeon 60-100 7.08 17.88 24 39 37 22 .88 CL 1.1
AZUKOUP-4
A 0-12 20.45 22.55 43 49 8 10.84 L 6.1
ABg 12-35 21.00 20.00 41 50 9 10.94 SiL 5.6
Bt 35-58 21.96 18.04 40 42 8 16.93 L 5.3
Btgc 58-120 16.00 18.00 34 38 28 12.62 CL 1.4
AZUKOUP-5
A 0-20 22.39 33.61 56 36 8 11.21 SL 45
Btng 20-56 15.93 26.07 42 44 14 11.15 L 3.1
BChng 56-100 21.69 33.31 55 36 9 10.51 SL 4
AZUKOUP-6
Agn 0-20 25.22 26.78 52 41 7 9.16 SL 5.9
Btng 20-32 12.08 16.00 28 41 31 16.79 CL 1.3
Btnge 32-55 457 11.43 16 29 55 35.91 C 0.5
AZUKOUP-7
Age 0-17 12.90 13.10 26 62 12 12.58 SiL 5.2
Btgea 17-42 6.08 11.08 17 51 32 16.03 SiCL 1.6
Btgc2 42-100 5.92 16.08 23 41 36 22.75 CL 1.1
AZUKOUP-8
Ac 0-12 22.65 21.35 44 46 10 10.19 L 4.6
Bt 12-40 15.00 20.00 35 a7 18 22.86 L 2.6
AZUKOUP-9
Ac 0-20 14.59 50.41 65 27 8 53.34 SL 3.4
Bt 20-52 13.00 36.00 49 31 20 55.12 L 1.6
AZUKOUP-10
Ac 0-15 24.00 35.00 59 26 15 52.93 SL 1.7
Btc1 15-32 12.79 32.21 45 24 31 64.94 SCL 0.8
Btc, 32-60 6.19 16.81 23 26 51 58.08 C 0.5

L = Loam, SiL = Silty Loam, SL = Sandy Loam, SCL = Sandy Clay Loam, SiCL = Silty Clay Loam, CL = Clay Loam, C = Clay, S = sand, TC = textural

class, S = sand.

were mostly sandy loam with few silty loam and loam.
The silt/clay ratio and the degree of degradation they
reflect are shown in Table 2. Generally, the silt/clay ratio
decreased with depth throughout the profiles contrary to
variation in clay contents. The highest value (6.1) was
obtained in the A-horizon of AZUKOUP-4 while the least

value (0.5) was obtained at the B-horizon of AZUKOUP-6
and AZUKOUP_10 respectively.

The gravel content of the soils increases with depth in
most horizons with mixture of increase and decrease in
gravel contents in few horizons (Table 2). The gravel
content ranges from 9% in the A-horizon (Ag,) of
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Table 3. Soil physical/ hydraulic properties of Koupendri catchment.

BD Ksat Por

Horizon Depth (cm) (gcm'3) (cmd'l) %) pF 2.5 pF 4.2 AWC
AZUKOUP-1

Apc 0-20 1.50 27.71 43.27 21.46 11.38 10.1
Btnc 20-30 1.70 26.16 35.85 17.66 9.36 8.3
AZUKOUP-2

Ac 0-15 1.57 46.93 40.71 22.45 11.85 10.6
Btne1 15-47 1.56 26.11 41.27 28.36 15.03 13.3
Btnc2 47-80 1.58 6.63 40.52 31.91 16.91 15.0
AZUKOUP-3

Agh 0-12 1.74 22.94 34.33 20.11 10.33 9.78
Btgn 12-30 1.86 5.97 29.81 19.07 10.09 8.98
Btgen 30-60 1.87 2.32 29.43 20.32 10.76 9.56
Btgezn 60-100 1.88 1.68 29.06 21.45 11.47 9.98
AZUKOUP-4

A 0-12 1.63 20.01 38.58 11.03 5.85 5.18
ABy 12-35 1.54 15.78 41.46 18.53 9.82 8.71
Bty 35-58 1.57 8.4 40.59 17.43 9.05 8.38
Btgc 58-120 1.78 7.16 32.73 20.53 10.88 9.65
AZUKOUP-5

A 0-20 1.62 60.25 39.00 21.42 11.36 10.07
Btng 20-56 1.73 70.96 44.01 16.73 8.87 7.86
BCrg 56-100 1.69 21.57 36.69 15.22 8.065 7.16
AZUKOUP-6

Agn 0-20 1.57 11.18 40.81 17.70 9.38 8.32
Btng 20-32 1.68 5.97 36.77 30.41 16.12 14.29
Btngc 32-55 1.59 214 39.94 28.44 15.08 13.37
AZUKOUP-7

Age 0-17 1.56 20.55 41.07 21.05 11.11 9.94
Btgc1 17-42 1.42 39.83 46.34 31.73 16.43 15.3
Btgc2 42-100 1.64 18.29 38.09 38.28 20.23 18.05
AZUKOUP-8

Ac 0-12 1.49 89.21 43.76 13.44 7.05 6.39
Bt 12-40 1.54 151.5 41.91 20.05 10.77 9.28
AZUKOUP-9

Ac 0-20 1.78 48.79 32.76 11.98 6.35 5.63
Btc 20-52 1.80 293.5 31.94 16.18 8.58 7.60
AZUKOUP-10

Ac 0-15 1.64 190.8 38.01 20.32 10.77 9.55
Btc1 15-32 1.81 395.6 31.58 19.04 10.10 8.94
Btco 32-60 1.86 365.6 29.85 19.71 10.45 9.26

BD= bulk density, AWC= available water capacity, por= porosity, Ksat = saturated hydraulic conductivity, pF 2.5= water content at field
capacity, pF 4.2 = water content at wilting point.

AZUKOUP-6 to more than 65% in the B-horizon (Bt.;) of the profiles studied were shown in Table 3. The Ksat

AZUKOUP-10. value was lowest (1.68 cm/d) in a clay loam B-horizon
(Btycon) of AZUKOUP-3, and highest (395 cm/d) in a
sandy clay loam B-horizon (Bt.;) of AZUKOUP-10.

Soil hydraulic/hydrological properties The bulk density was relatively high while the porosity
was moderate to low throughout the profiles studied

The saturated hydraulic conductivity (Ksat), bulk density (Table 3). The bulk densities range from 1.42 kgm'3 at the

(BD), porosity (P) and soil water characteristics results for B-horizon of AZUKOUP-7 to 1.88 Kgm'3 at the B-horizon
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of AZUKOUP-3. Bulk density increases with depth in
some profiles and vice versa in other profiles. The high
bulk density 21.42 to 1.88 kgm'3) above the optimal value
of 1.40 Kgm™ and the moderate to low porosity (< 50%)
below the ideal value (>50%) for healthy root growth in
most horizons of the profiles studied could be attributed
to soil compaction caused by continuous and intensive
pastoral activities and cultivation for many years, poor
soil structure (less inter-ped spaces), low soil OM and to
a lesser extent the texture especially the silt content as
seen in AZUKOUP-3 profile.

The soil water content at field capacity (FC; 0.33 bars)
and at Permanent Wilting Point (PWP; 15 bars) had
shown a slight variation among the studied profiles (Table
3). The highest FC (38.28) and PWP (20.23) were
recorded for the sub-surface horizon (Btgc,) of
AZUKOUP-7. This could be caused by high water table
and to a lesser extent due to clay or silt content.

Soil pH

The soils pH varies from moderately acidic (5.2) in the B-
horizon (Bt,.1) of AZUKOUP-2 to slightly alkaline (7.6-9)
in the B-horizon (Bty.,) of the same profile (Table 4).
Also shown in Table 4 is change in pH i.e. ApH (pHy20 —
pHkc) which were positive for all profiles and horizons
studied. The values of ApH range from 1.1 in the A-
horizon (Ap.) of AZUKOUP-1 to 2.1 in the B-horizons
(Btygn and Btyc,) of AZUKOUP-3.

Total Nitrogen (N), Available Phosphorus (P) and Soil
Organic Carbon (SOC)

The total N ranged from 0.02 in the B-horizon (Bty) of
AZUKOUP-4 to 0.08 in the A-horizon (Ay;,) of AZUKOUP-
3 (Table 4). The SOC decreases with increasing depth in
each profile and ranged from 0.048 in the B-horizon (Bt)
of AZUKOUP-9 to 2.02 in the A-horizon (Ag,) of
AZUKOUP-3. The available P ranges from 1 mg/Kg in
most sub-surface horizons of the soil profiles to 6 mg/Kg
in the surface or A-horizon (Ag,) of AZUKOUP-6.

The C:N ratio for the profiles and their horizons varied
from a narrow range of 4.2 in the B-horizon (Bt,y) of
AZUKOUP-6 to the wider range of 24.02 in the A-horizon
(Agn) of AZUKOUP-3 (Table 4). Generally, the C:N ratio
shows a decreasing trend with increasing depth
throughout the profiles and their horizons (Table 4).

Base saturation and cation exchange capacity

Generally, the base saturation (BS) was low to moderate
(20-60%) for most soil profiles studied with few
exceptions (Table 4). The exchangeable calcium (Ca)
throughout the profiles ranged from very low (<2%) to

moderately few (2-5%) in some horizons. The
exchangeable Mg is low throughout the profiles except in
some horizons where it is moderately high. The
exchangeable K was also very low in most profiles and
their horizons, although moderate to very high values
were also recorded in few horizons. The exchangeable
sodium (Na) was low throughout the profiles ranging from
0.281 in the A-horizon (Agn) of AZUKOUP-6 to 0.545 in
the B-horizon Bty,) of AZUKOUP-10. The trend or
abundance in decreasing order is Ca"* > Mg"™ > Na’" > K"
except at AZUKOUP-4. The exchangeable sodium
percentage ((ESP) was low throughout the horizons
except at the B-horizon (Btyc,,) of AZUKOUP-3 where it is
17.3, a value that is above the critical level (> 15%) that
causes deterioration of soil structure and Na toxicity
(Landon, 1991). Since the BS indicates the degree of
leaching of basic cations, most of the soil profiles studied
was moderately (43-46%) to highly leached (16-29%)
except AZUKOUP-3, AZUKOUP-4, AZUKOUP-7 and
AZUKOUP-10 with higher BS values. The A-horizons of
AZUKOUP-5 and AZUKOUP-8 also show some signs of
weak/low leaching. The CEC across the landscapes and
profiles ranged from 4.72-28.56 Cmolkg™ (Table 4). The
lowest values for the CEC were recorded at AZUKOUP-5
with a range of 4.72-6.08 Cmolkg™ and the highest values
at AZUKOUP-10 with a range of 10.8-28.56 Cmolkg™.
The CEC of soil profiles followed the trend exhibited by
the exchangeable basic cations especially exchangeable
Ca'" reflecting that these basic cations are the main ion
contributors in the exchange complexes.

Soil classification of Koupendri catchment

Soil classification of Koupendri catchment was done
following World Reference Base for Soil Resources
[WRB] (IUSS Working Group, 2006; 2014) and Saoll
Taxonomy (Soil Survey Staff, 2010) classification
schemes, and then correlated with the FAO-UNESCO
legend and French Classification schemes (Table 5). The
table showed 7 soil types at sub-group level classification
for Soil Taxonomy and 10 soil types for WRB correlated
to 5 soil types for both FAO-UNESCO legend and French
classification schemes.

DISCUSSION

The soils show indication of poor structure or structural
deterioration caused by cultivation and compaction
through trampling by human and animals that destroy or
fragments soil aggregates. The soils were less deep with
mainly Ap and Bt horizons while C horizon was virtually
absent. This confirmed why cash crops and plantation
agriculture could not thrive in the catchment. The soils
were mostly gravelly ranging between 10% and above
60%. Such soils with gravel contents above 60% are
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Table 4. Some Chemical Properties of Koupendri soils.

Horizon Depth pH pH ApH Total N Organic C:N NC Avail. P Exchangeable cation (Cmol Kg™) BS ESP
Name (cm) (H20) (KCI) (%) mg Kg™* Ca Mg K Na CEC (%) (%)
AZUKOUP-1

Apc 0-20 5.8 4.7 11 0.05 0.66 13.1 2 2.32 0.85 0.20 0.28 8.00 46 3.53
Btnc 20-30 5.9 4.4 15 0.05 0.49 10.8 2 1.54 1.22 0.18 0.31 7.36 44 4.17
AZUKOUP-2

Ac 0-15 5.8 4.4 1.4 0.05 0.46 9.22 4 1.26 051 0.11 0.31 7.52 29 411
Btnc1 15-47 5.2 3.9 1.3 0.05 0.35 7.82 5 0.69 0.28 0.07 0.32 6.88 20 4.61
Btnc2 47-80 53 4.0 13 0.04 0.20 4.83 2 0.97 040 0.11 0.44 8.08 24 5.41
AZUKOUP-3

Agh 0-12 6.0 4.6 1.4 0.08 2.02 24.02 2 6.06 411 0.23 0.56 16.08 68 3.46
Btgn 12-30 7.0 4.9 21 0.06 0.54 9.07 1 443 272 0.09 1.21 144 59 8.39
Btgen 30-60 6.8 4.7 2.1 0.06 0.46 7.81 1 4.38 2.05 0.13 2.24 17.52 50 12.8
Btgcan 60-100 9.0 7.4 1.6 0.02 0.20 10.1 2 9.69 1588 0.11 3.95 22.88 100 17.3
AZUKOUP-4

A 0-12 6.6 5.4 1.2 0.06 0.66 11.79 1 248 287 0.14 0.31 7.84 74 3.93
AByq 12-35 6.5 5.0 15 0.04 0.24 6.67 1 157 3.80 0.08 0.32 10.00 58 3.24
Btg 35-58 6.7 4.9 1.8 0.04 0.21 5.92 1 1.61 6.40 0.07 0.32 12.48 67 2.56
Btgc 58-120 7.6 6.0 1.6 0.02 0.20 11.65 1 215 1435 0.10 0.49 19.28 89 2.55
AZUKOUP-5

A 0-20 6.1 4.9 1.2 0.05 0.43 8.96 2 1.72 0.68 0.10 0.32 4.72 60 6.69
Btng 20-56 5.6 4.0 1.6 0.04 0.17 4.07 2 1.46 0.63 0.11 0.44 6.00 44 7.30
BCng 56-100 5.8 4.2 1.6 0.03 0.22 6.97 1 0.75 0.44 O.g? 0.29 6.08 26 4.80
AZUKOUP-6

Agn 0-20 5.4 4.1 1.3 0.05 0.73 14.66 6 0.72 0.21 0.09 0.28 8.24 16 341
Btng 20-32 5.5 4.1 1.4 0.05 0.31 6.35 2 1.56 1.14 0.15 0.37 7.44 43 5.01
Btngc 32-55 5.6 4.1 15 0.06 0.25 4.2 2 3.84 3.03 0.26 0.36 14.48 52 2.47
AZUKOUP-7

Age 0-17 5.6 4.0 1.6 0.06 0.71 12.02 2 1.89 0.64 0.17 0.37 5.76 53 6.41
Btge1 17-42 5.6 4.1 1.5 0.03 0.43 12.62 1 4.46 2.67 0.30 0.35 12.48 62 2.83
Btgco 42-100 59 4.0 1.9 0.05 0.35 7.02 1 6.18 2.07 0.25 0.42 20.0 45 2.08
AZUKOUP-8

Ac 0-12 6.0 4.8 1.2 0.08 1.27 16.71 3 271 1.08 0.22 0.32 7.84 55 4.09
Btc 12-40 5.5 4.1 1.4 0.05 0.63 12.6 2 1.11 0.46 0.22 0.32 9.76 22 3.26
AZUKOUP-9

Ac 0-20 6.4 5.0 1.4 0.91 0.07 13.57 3 199 0.68 0.26 0.32 7.6 43 4.17
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Btc 20-52 54 4.2 1.2 0.64 0.05 13.38 3
AZUKOUP-10

Ac 0-15 6.8 53 15 0.10 1.22 12.81 3
Btc1 15-32 6.4 4.8 1.6 0.08 0.87 11.31 1
Btco 32-60 8.0 6.8 1.2 0.06 0.31 5.27 3

0.82 0.57

4.48 2.43
6.53 4.66
9.29 11.24

0.17

0.52
0.31
0.44

0.30 7.12 26 4.24
0.33 10.8 72 3.05
0.37 16.88 70 2.18
0.55 28.56 100 191

N= nitrogen, C= carbon, C:N= carbon-nitrogen ratio, Avail.P = available phosphorus, Ca= calcium, Mg= magnesium, K= potassium, Na= sodium, CEC= cation exchange capacity, BS=
base saturation, ESP= exchangeable sodium percentage, H20= water, KCI = potassium chloride.

Table 5. Soil classification and correlation for Koupendri soils.

Soil profile Soil Classification System Correlating System
identity USDA soil taxonomy  World reference base for soil resources (WRB) FAO/UNESCO legend French system
AZUKOUP-1 Albic Petric Plinthosols (Lixic, Dystric) Sols f . roni fond
AZUKOUP-8 Typic plinthustults Albic-Petric Plinthosols (Loamic, Epi-Dystric) Dystric Plinthosols | 0's Terugineux tropicaux peu profonds
S . essivés concrétionné

AZUKOUP-9 Albic Pisoplinthic Plinthosols (Dystric)
AZUKOUP-2 Plinthic- Kandiustults Albic-Petric Plinthosols (Hyper-Dystric, Loamic) Endo-dystric Sols ferrugineux tropicaux moyennement
AZUKOUP-6 Albi-Petric Plinthosols (EndoClayic, Epi-Dystric) Plinthosols profonds lessivés peu concrétionnés

. Eutric Vertic Gleyic . . .
AZUKOUP-3 Aquic Haplustepts Cambisols (Petrocalcic, Takyric) Eutric Cambisol Sols bruns eutrophes tropicaux
AZUKOUP-4 Aquic kandiustalfs Albic Gleyic Anthraquic Abruptic Luvisols (Hyper-Eutric) Glevic Luvisol Sols ferrugineux tropicaux lessivés
AZUKOUP-5 Typic kandiustalfs Albic Gleyic Abruptic Luvisols (Hyper-dystric, Profondic) Y profonds hydromorphes
AZUKOUP-7 Aquic kandiustalfs Epi-Eutric Gleysols (EndoSiltic, Vertic) . N

S . L . . Eutric Gleysols Sols hydromorphes a pseudogle
AZUKOUP-10 Typic Plinthustalfs Eutric Pisoplinthic Gleysols (Endoclayic, vertic y y P P gley

termed gravelly soils (Buol et al., 2003), and affect
the physical and hydraulic properties of soil
(Brakensiek and Rawls, 1994; Sauer and
Logsdon, 2002). The combination of the soil
structure and the gravel content also influenced
the drainage of the catchment which ranged from

good through normal to imperfect or very poor
drainage.

The clay increase in most B-horizons especially
the kandic horizons is a confirmation of reports
from other studies. It has been reported that clay
increase in most kandic horizons is as a result of

clay migration-accumulation or illuviation, clay
destruction, selective erosion, sedimentation or
lithological discontinuity (FAO, 1988; Van
Wambeke, 1989; Driesen and Dudal, 1991). The
fact that clay minerals are unstable and break
down under intense chemical weathering



especially in humid and sub-humid climates further
buttressed the claim. This was also reported in
Alemayehu et al. (2014) for some Ethiopian soils. This
also applied to the Argic B-horizon which is similar to
kandic horizons since part of the pedon may meet the
requirements of both horizons when considered at the
same classification level (Ngongo and Langohr, 1992).

The decrease in silt/clay ratio with depth can be
attributed to massive destruction of clay, selective
erosion, and to a lesser extent illuviation of clay from the
surface (Ap) horizon to the sub-surface (Bt) horizon. The
decrease in silt/clay ratio with depth is in agreement with
reports from some studies of Nigerian soils (Ezeabasili et
al., 2014; Chukwu, 2013; Lal, 2000). Lal (2000) reported
that the silt/clay ratio of most tropical soils decline with
depth and widely ranged from soil to soil even within the
same toposequence. However, a contrary result of an
increasing silt/clay ratio with depth was reported for
lowland soils in southwestern Ethiopia (Alemayehu et al.,
2014). The silt/clay ratio is an index of weathering (Van
Wambeke, 1959), and one of the most important criteria
for the definition of the ferralic horizon. According to FAO
(1988), this silt/clay ratio should be less than or equal to
0.2. This underscores the absence of a ferralic horizon
and Ferralsols in all the studied profiles. High silt/clay
ratios observed in most horizons alongside resistant
skeletal composition of the parent material reflect that the
soil is less weathered and thus, at less advanced stage of
development.

The decreasing Ksat with increasing depth observed
has also been reported in some tropical studies (Ziegler
et al, 2004; Zimmermann and Elsenbeer, 2008;
Zimmermann et al., 2006). Such decrease could result to
saturation excess overland flow during high-intensity
rainfall events (Germer et al., 2010; Godsey et al., 2004).
The low values of Ksat at some soil depth can form an
impeding layer and may lead to perched water tables,
diminished groundwater recharge and the development
of interflow. This is because, Ksat represent the capacity
of the soil to drain or transmit water (Klute and Dirksen,
1986) and governs vertical percolation of water within the
soil profile. The high bulk densities obtained agrees with
that obtained for similar soils in Terou-lgbomakoro
catchment, central Benin (Junge, 2004; Sintondji, 2005).
Such high bulk density may present serious challenge to
agronomic and hydrological processes. The available
water holding capacity (AWHC) showed a closer
relationship with silt content than with clay or SOC
contents.

The acidic nature of the soils could be attributed to the
parent material which is acid metamorphic schists.
However, as an indication of soil acidification, soil pH is
dependent not only on the nature of the parent material
but also on the level of soil leaching in the environment.
This may suggest why some of the soils were moderately
alkaline. Based on the soil pH rating of Jones (2003), the
pHu20 throughout the profiles and their horizons fall within
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moderately/slightly acidic to moderately/slightly alkaline.

According to Soil Survey Staff (2006), ApH can be
positive, zero or negative depending on the net surface
charge at the time of sampling. The positive ApH which
indicates presence of negatively charged colloids lends
credence to the translocation of clay from the upper or
surface horizon and its accumulation in the B-(illuvial)
horizon through illuviation processes.

Generally, available P shows a decreasing trend with

increasing depth for all the profiles. The slightly higher
values of SOC and total N observed in the A-horizon of
AZUKOUP-3 could be due to waterlogging of the location
which slowed down the turn-over of the surface organic
material while that of available P could be due to use of
phosphate fertilizer for cultivation at the site of the profile
pit (AZUKOUP-6). Similar decrease in SOC with
increasing depth for each profile has been reported
(Alemayehu et al., 2014; Campos, 2002; Agyare, 2004).
There was no clear direct association of total N and SOC
with increasing depth of the profiles as reported by
Alemayehu et al. (2014) for some Ethiopian soils.
However, the very low contents of total N, SOC, and
available P may be attributed to the frequent annual
bush burning and crop residues (a common land clearing
practice for cultivation) at the end of the year or more
explicitly during the dry season. This frequent bush
burning practices, coupled with high temperature
accelerates the rapid turn-over of organic materials in the
catchment. This was also affirmed by Yilma (2006) who
reported that burning of biomass in prevailing-slash-and
burn systems and high temperatures lead to a rapid
decomposition of organic matter and consequently, poor
SOC. Studies in Ethiopia (Habtamu et al.,, 2009;
Alemayehu et al., 2014), west Africa (Lal et al., 2003;
Yilma, 2006) and other parts of the world had reported
significant reduction in SOC and Total N caused by
burning and removal of crop residue. Low fertility is linked
with low CEC and low reserves of N and P-availability.
The very low contents of available P suggest that it is a
serious limiting nutrient for crop production in the
catchment despite that moderately acidic to slightly
alkaline soils (5.5-9.0) favour P- availability. This confirms
the report that P is considered the main limiting nutrient
for crop production in drier savanna (Sanchez, 1976,
Kowal and Kassam, 1978).
The C:N ratio was low throughout the horizons and fall
below the optimal range (10-12:1) acceptable for arable
soils (Havlin et al., 1999). This could be attributed to high
oxidation and loss of organic matter as evidenced by the
poor or very low SOC in the two profiles. The C:N ratio is
important because the availability of nitrogen (N) for plant
growth is dependent on the ratio. High C:N > 30:1 implies
N immobilization due to decomposition of organic residue
by microbes while C:N < 20:1 implies limited
immobilization and release of N into the soil environment
for plant uptake (Jones, 2003).

The analytical result of the base saturation (BS) and
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cation exchange capacity (CEC) revealed that
exchangeable Ca and Mg were dominant cations at the
exchange complex accounting for more than 80% of
exchangeable bases and between 50 to 65% of total
cations of the exchange site. Both BS and CEC were low
to moderate and could be due to the predominance of
Kaolinite clay minerals and also, poor recycling and
depletion of basic cations, OM and clay contents due to
erosional processes and inappropriate management
(incessant bush burning) of residues but to a lesser
extent, soil reaction or pH. Similar reports were made for
sub-humid catchment in central Benin (Igué, 2000;
Impetus, 2003).

Conclusion

Soil survey and classification for Koupendri catchment in
north western Benin, West Africa provided soil
information for hydrological modeling, future agronomic
decisions, soil and water management, engineering and
other socio-economic purposes. The catchment has a
relatively flat physiography with height above sea level
ranging from 215-224 m above sea level, which is gently
slopy (0 to 6%). The parent material is acid metamorphic
mica schist. The soil pH ranges from slightly acidic to
relatively alkaline with poor fertility status evidenced by
poor SOC, total N, C/N ratio, low CEC, exchangeable
cations, less weathered soil with textural characteristics
that is prone to crusting, compaction and hinders root
growth. The study also confirms that P-availability is the
major agronomic constraints in drier savanna regions.
The permeability and the available water capacity of the
soil were very low, presenting a serious soil water
management problem for both agronomic and
hydrological purposes. The soil map of the catchment
produced at a scale of 1:25000 using FAO/UNESCO
legends showed five distinct soil types. The classification
of the soils reveal seven soil types at sub-group level of
classification belonging to three major orders: Ultisols,
Inceptisols and Alfisols (USDA). The WRB gave ten
distinct soil types belonging to five major or reference soil
groups. These were correlated with Plinthosols,
Cambisols, Luvisols and Gleysols for FAO-UNESCO
legend; and Sols ferrugineux tropicaux peu profonds
lessivés  concrétionnés, Sols  hydromorphes a
pseudogley, Sols tropicaux moyennement profonds
lessivés peu concrétionnés, Sols bruns eutrophes
tropicaux and Sols ferrugineux tropicaux lessivés
profonds hydromorphes for French classification system.
The WRB gave a more detailed, concise and better sail
classification that correlates better with FAO/UNESCO
legend and French classification scheme than USDA Soil
Taxonomy. Soil fertility or nutrient assessment for the
catchment will provide information for improved soil
nutrient management. Also, land cover and residue
management with appropriate tillage and conservation
practices is paramount for improved soil productivity and

hydrological processes of the catchment.
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